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(54) Tide: PLATE HEAT EXCHANGER 



(57) Abstract 

In a plate heat exchanger, having double-walled plate formed heat transfer elements (1,2), adjacent such heat transfer elements are 
permanently brazed together by means of three different and spaced brazing joints. A first brazing joint surrounds an area, which covers 
the heat transfer portions (3, 4) of the heat transfer elements and first inlet openings and outlet openings (8, 9) communicating with a flow 
passage (6) that is fanned between said heat transfer portions. A second joint and a third joint surround respective inlet openings and outlet 
openings (10, 1 1), which are closed from communication with said flow passage (6). Leakage areas (16-19; 39), which communicate with 
the surrounding of the plate heat exchanger, are formed between said first joint and each one of said other joints. 
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Plate he.at exehanqar 

The present: invention relates to a plate heat exchanger 
for heat transfer between a first fluid and a second 
5 fluid, in which plate heat exchanger plate formed heat 
transfer elements are permanently joined together to a 
plate package and between themselves delimit in alter- 
nate interspaces first flow passages for said first 
fluid and second flow passages for said second fluid, 
10 respectively; each heat transfer element comprises two 
plates abutting against each other and having through- 
openings aligned with each other; and said through- 
openings in the plates of the heat transfer elements 
form a first inlet channel and a first outlet channel 
through the plate package, which channels communicate 
with said first flow passage and are closed from 
communication with said second flow passages, and a 
second inlet channel and a second outlet channel through 
the plate package, which channels communicate with said 
second flow passages and are closed from communication 
with said first flow passages. 


15 


20 


Plate heat exchangers in which every plate formed heat 
transfer element consists of two plates abutting against 
25 each other are previously known. A conventional openable 
plate heat exchanger of this kind is shown for instance 
in US 4,976,313. Owing to the fact that each heat trans- 
fer element comprises two plates it is achieved a safety 
against getting the two heat exchange fluids, flowing on 
respective sides of the heat transfer element, mixed 
with each other within the plate heat exchanger, if a 
hole would be formed through one of the plates. A 
leakage of one of the fluids through a hole of this kind 
makes the fluid in question flowing out into the space 
between the plates and further therethrough to and past 
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the edges of the plates, where the leakage can be 
observed. So that the heat exchange fluids during normal 
operation of the plate heat exchanger shall not flow out 
into the spaces between the plates in the respective 
heat transfer elements the plates in each heat transfer 
element have to seal against each other around their 
said through-openings. Sealing of this kind can be 
obtained for instance through welding, brazing or 
gluing. 


Even plate heat exchangers having permanently joined 
heat transfer elements, each comprising two plates 
abutting against each other, are previously known. Plate 
heat exchangers of this known kind, in which the double- 
15 walled heat transfer elements are joined through 

brazing, are shown and described in EP 517 785 and 
EP 527 875. 


A drawback with these known brazed plate heat exchangers 
is that the double-walled heat transfer elements are 
brazed together with each other in a conventional 
manner, i.e. in the same manner as single-walled heat 
transfer elements in a brazed plate heat exchanger. The 
adjacent heat transfer elements are, thus, joined with 
25 each other by means of a single continuous brazing 

joint, and if this brazing joint is not close or does 
not keep tight, there is a risk that the heat exchange 
fluids despite the double-wall arrangement are mixed 
with each other in the plate heat exchanger without this 
30 being noticed. 

The object of the present invention is to provide a 
plate heat exchanger having permanently joined double - 
walled heat transfer elements, which is safer than 
35 previously known plate heat exchangers of this kind 
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against fixing of the heat exchange fluids in the plate 
heat exchanger without this being noticed. 

This object is obtained according to the invention by 
5 the adjacent heat transfer elements being joined 

together in each of said interspaces by m eans of three 
different and spaced joints, a first joint of which 
surrounds an area covering the flow passage that is 
delimited in the interspace as well as th! i Tl 

xo r ^ outlet „ tteough ^ZT^l.ZZ 1 

channels communicate with the flow passage. whereas a 
second one and a third one of said Joints surrounds the 
one ox said inlet channels and the one of said outLf 
channels, respectively, which constitute by-pass 
channels and are closed fro* communication with the flow 
Passage in the interspace, and by leakage areas in sail 
interspace, which are situated between said first joint 
and the respective one of said second and third jo^ts 

,0 Z^ger ^ — — " ~ — 

The invention concerns plate heat exchangers in general 
having permanently Joined heat transferring elements 
For the joining of the heat transfer elements it is 
*5 possible to use for instance welding, brazing or gluing. 

in Practice, the heat transfer elements of a brazed 
Plate heat exchanger are often rectangular and pressed 
in a way such that relatively large plane comer 
portions thereof are brazed together in pairs around 
each one of those inlet channels and outlet channels 
which extend through the plate package. A special 
embodiment of the invention therefore concerns a brazed 
Plate heat exchanger, in which said adjacent heat 
transfer elements have plane surfaces in said inter 
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space, which are facing each other and delimit between 
themselves said leakage areas as well as at least parts 
of said three joints, the joints being constituted by 
brazing joints or gluing joints and being formed by a 
5 connection or bonding material , and the leakage areas 
being free of bonding material. 

When a leakage area is to be delimited in this way by 
and between two plane portions of two heat transfer 

10 elements, facing and abutting against each other, which 
plane portions should simultaneously be partly brazed or 
glued together by means of a bonding material, at least 
one of the plane portions opposite to the leakage area 
may be covered on its surface with a substance pre- 

15 venting the surface from being wetted by said bonding 
material when the latter is in a liquid state. Brazing 
technique for making possible such partial brazing 
together of two plane surfaces facing each other is 
known from for instance the publication "Brazing: For 

20 'the Engineering Technologist" (Author: M. Schwartz. 
Publisher: Chapman & Hall, London, UK). 

In a plate heat exchanger according to the invention one 
of said leakage areas may extend between said first 
25 joint and one of said second and third joints from one 
part to another of the edge surrounding each one of the 
adjacent heat transfer elements. However, it is pre- 
ferred that the leakage areas extend around the respec- 
tive ones of said by-pass channels. 

30 

Within the scope of the invention a leakage area of the 
above said kind may be delimited by different parts of 
two adjacent heat transfer elements. One possibility is 
that it is delimited by and between the two plates of 
35 the heat transfer elements situated closest to each 
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other. In this case the leakage area may communicate 
with the surrounding of the plate heat exchanger either 
in a way such that part of the leakage area extends out 
to the edges of the heat transfer elements, or through a 
hole in at least one of said plates and, thus, through 
the space between this plate and the further plate of 
the same heat transfer element. 


Another possibility is that the leakage area is 
10 delimited by and between the plates of the two heat 

transfer elements, situated most remote or farthest from 
each other. In this case these two plates have through- 
openings which are smaller than the aligned openings of 
the two plates of the heat transfer elements, which are 
15 situated closest to each other. Furthermore, in this 
case the plates situated farthest from each other are 
sealingly connected directly or indirectly with each 
other around their said openings, the leakage area being 
formed and extending around the connection area. Even in 
this case the leakage area communicates with the sur- 
rounding of the plate heat exchanger through the space 
between the plates in at least one of the two heat 
transfer elements. 


20 


25 It shall be noticed that the above said space between 
the two plates in each heat transfer element may be 
microscopically thin, i.e. it need not be larger than 
the interspace that is formed between two plane plates 
abutting closely against each other. 

30 

The invention is described in the following with 
, reference to the accompanying drawings, in which 
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figure 1 shows a number of double-walled heat transfer 
elements arranged as in a plate heat exchanger according 
to the invention but spaced from each other, 

5 figure 2A and 2B show two plates, which are to be 

included in one and the same double -walled heat transfer 
element of the kind shown in figure 1, 

figure 2C shows a thin foil of a bonding or brazing 
10 material intended for joining of "two heat transfer 
elements according to figure 1, 

figure 3 shows a special embodiment of a plate to be 
included in one heat transfer element, 

15 

figure 4 shows a section through several heat transfer 
elements, some of which comprise a plate formed in 
accordance with figure 3, 

20 figures 5-10 show sections through parts of heat 

transfer elements formed in different ways in accordance 
with the invention, and 

figure 11 shows a section through a plate heat 
25 exchanger, comprising heat transfer elements in accor- 
dance with figure 10. 

Figure 1 shows five rectangular double-walled heat 
transfer elements 1, 2 having corrugated heat transfer 

30 portions 3, 4 and a plane end plate 5. The latter is 
intended to form together with the heat transfer 
elements 1, 2a part of a plate package to be included 
in a permanently joined so called brazed plate heat 
exchanger. In the plate heat exchanger there are delimi- 

35 ted between the heat "transfer elements 1, 2 alternating 


WO 96/41995 


PCT/SE96/00745 

7 


10 


15 


first flow passages 6 and second flow passages 7 far ^ 
respective ones of two f i U iH c k P a ™ges 7 for the 

be transferred through tnTh \ " ^ W 

fl ow passages 6 ^7 are form"ed '~ ^ 

«~ of the heat tr^L^^^T: ToTTT 

transfer events 1, 2 forming ridges J ' 
ridges of adjacent heat transfer »i va x±eys, the 

"butting against eaoh ot *™ Sfer elMMt * — si „ s ana 

For access of the fluids to the flow passages 6 and 7 
respectively, the heat transfer elements 12 h. /' 
their comer portions through-open^^ f 
inlet channels and outlet JL , f0ri " 
Parage. Even the J^TT^" ^ ^ 

aligned with the opening V U ~- 

The openings 8 and 9 ± n the h« a+ - * 

miet channels and .^ IIT 2 
for one of said fluids IZl ,^ ' respac=ti ^. 

- channels ^-T^TTJZl^J 

are closed fro. con^ction with slid' se^ ToT ' ^ 
passages 7. The openings 10 and 11 f„™ < n 
-d outlet channels, respect"^ f o7^ 

which inlet channels and outlet L, n ^ flU±d ' 

. . _ , outlet channels communicate 

instead with the flow passages 7 but are closed Jr™ 
connection with the flow passages 6. Th e flow PatnT 
described here through the plate heat eschar aclr 

TWO adjacent heat transfer elements 1. 2, which delimit 
between themselves a flow oass.no « oeximit 
around their edge portions Z!" ^ *° SBth " 

35 together around their respective T"™' ^ "™ 

respective openings 10 and 11, 


25 
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which are formed in the corner portions of the two heat 
transfer elements. These corner portions are situated in 
the same plane as the crests of the corrugation ridges 
of the two heat transfer elements, which cross and abut 
5 against each other in the flow passage 6. 

In a corresponding way two adjacent heat transfer 
elements , which between themselves delimit a flow 
passage 7, are brazed together. In this case, however, 
10 the heat transfer elements are instead brazed together - 
apart from along their edges - around their respective 
openings 8 and 9 . 

Figures 2A and 2B show two plates 12 and 13, which 
15 abutting against other shall form a double- walled heat 

transfer element 1 of the kind shown in figure 1. As can 
be seen from the figures 2 A and 2B the plates 12 and 13 
have the same press pattern of ridges and valleys r so 
that when these plates come to abutment against each 
20 other there will be formed a surface contact between 
them. Preferably, the plates have been pressed simul- 
taneously in contact with each other, so that surface 
contact comes up between them across the hole of their 
surfaces facing each other. 

25 

The plates 12 and 13 have aligned openings 8a-lla. In 
annular areas 8b-llb around the openings Ba-lla the 
plates are intended to be brazed together, so that 
fluids flowing through channels in the plate heat 
30 exchanger formed by the openings 8a-lla, cannot flow out 
between the plates 12, 13. The plates 12 and 13 are not 
brazed together at other places than around the openings 
8a-lla. 
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25 


30 
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in figure 2A the numerals 14 and 15 designate the corner 
portions of the plate 12, through which the plate 12 is 
intended to be brazed together with a plate in an adja- 
cent heat transfer element. By dash-dot lines 16 and 17 
there are illustrated in figure 2 A two annular surfaces 
on the corner portions 14, 15, which extend around the 
openings 10a and lla, respectively, and through which 
the plate 12 shall not be brazed together with the Just 
mentioned plate in an adjacent heat transfer element. 
Even along a further surface 18 of the plate 12 which 
extends from the surface 16 to the edge of the plate 12 
the plate 12 is to be free from brazing connection with' 
said adjacent heat transfer element. A similar further 
surface 19 exists in connection with the annular surface 
17. The edge portions of the plates 12 and 1 3/ which are 
bent in the same direction, are designated 20 and 21 
respectively, in the figures 2 A and 2B. 

Figure 2C shows a thin foil 22 of a brazing material 
which is formed and intended for brazing together of 'a 
heat transfer element consisting of the plates 12 and 13 
with a further heat transfer element situated closest to 
the plate 13. It is thus the plate 13 which is to be 
brazed together with one of the plates in the further 
heat transfer element. Then, surfaces corresponding to 
the surfaces 16-19 are to be present in connection with 
the openings 8a and 9a of the plate 13, which is illu- 
strated in figure 2C in a way such that brazing material 
is missing in small areas 23 and 24. 

Before brazing together of the heat transfer elements 1 
2 there is applied onto said surfaces 16-19 in every 
second interspace, and onto the corresponding surfaces 
in the other interspaces - at least on one of the plates 
to be brazed together - a substance having the effect 
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■that: the plates on these surfaces cannot be wetted by 
the brazing material used, when this is in a liquid 
state. Hereby, the plates will remain free of brazing 
material and, thus, will not be brazed together with 
5 each other through these surfaces when the brazing 
material has solidified. 

in a brazed plate heat exchanger of the kind now 
described with reference to the figures 1 and 2A-C 

10 adjacent heat transfer elements will be brazed together 
by means of three separate and spaced brazing joints. 
Thus, in an interspace, in which a flow passage 6 is 
delimited, a first brazing joint will extend around the 
edges of the heat transfer elements. A second brazing 

15 joint will extend around the openings 10 and a third 

brazing joint around the openings 11. Between the heat 
transfer elements there will be left opposite to the 
surfaces 16-19 areas in which there will be no brazing 
material. These areas separate the first brazing joint 

20 from the second brazing joint as well as from the third 
brazing joint. 

Thanks to this arrangement of brazing joints a fluid, 
which for some reason leaks through or past one of said 
25 brazing joints close to one of the openings 10 and 11, 
will flow furtheron through one of said areas, that is 
free from brazing material, to and past the edges of the 
heat transfer elements to the surrounding of the plate 
heat exchanger. 

30 

Figure 3 shows a part of a heat transfer element formed 
differently than according to the figures 2A and 2B. An 
annular surface 25 extends around and closest to an 
opening 8c, and therearound extends a further annular 
35 surface 26. Around the surface 26 there is a surface 27 
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covering the whole of the corner portion of the heat 
transfer element around the surface 26. 

The shown heat transfer element is intended to be brazed 
together with an adjacent heat transfer element through 
the surfaces 25 and 27, whereas the surface 26 is inten- 
ded to be free of brazing material and, thus, delimit an 
annular area between the two heat transfer elements 
which are brazed together. This area is free of brazing 
material and can receive and conduct a flow of liquid 
which for some reason has leaked past one of the brazing 
joints opposite to the surfaces 25 and 27. 

Instead of being conducted further to the edges of the 
15 heat transfer elements a liquid flow of this kind is 

conducted in this case through a hole 28 in one of the 
plates in the heat transfer element shown in figure 3. 
Since the two plates of the heat transfer element 
not brazed together more than at a narrow annular 
surface around each opening, corresponding to the 
surface 25, liquid flowing through the hole 28 will be 
able to flow furtheron between the plates to and past 
their edges to the surrounding of the plate heat 
exchanger . 


20 


25 


30 


are 


Figure 4 shows a section through parts of six double- 
walled heat transfer elements, of the kind shown in 
figure 3, which are brazed together in pairs around 
their openings 8c. 


Figure 5 illustrates a further embodiment of the 
invention. A first heat transfer element comprising two 
plates 29, 30 is brazed together with a second heat 
transfer element comprising two plates 31, 32. The plate 
35 29 has a through-opening 33 (corresponding to for 


WO 96/41995 


12 


PCT/SE96/00745 


10 


Instance the opening 11a in the plate 12 in figure 2A) 
and the plate 31 has a corresponding opening 34 of the 
same size. Corresponding openings in the plates 30 and 
32 are larger than the openings 33 and 34 and are 
designated in figure 5 by the numerals 35 and 36, 
respectively. The openings 33, .34 and 35, 36 have a 
common centre axis 37. The space hereby formed between 
the plates 29 and 31 is partly filled out, closest to 
the openings 33, 34, by a ring 38 that is brazed 
together around the openings 33, 34 with the plate 29 as 
well as the plate 31. The rest of said space forms a 
leakage area 39 between the adjacent heat transfer 
elements. The leakage area 39 extends around the ring 38 
and is delimited by, apart from the ring 38 and the 
15 plates 29, 31, the edges of the plates 30, 32. The 

plates 30, 32 are brazed together along these edges. 

In the arrangement according to figure 5 the brazing 
joint between the plates 30 and 32 delimits a flow 
20 passage (not shown) for a first fluid between the heat 
transfer elements 29, 30 and 31, 32, whereas the plates 
29 and 31, the ring 38 and the brazing joints between 
the ring 38 and the plates 29 and 31 delimit an inlet 
channel or an outlet channel through the plate heat 
25 exchanger for a second fluid. If one of said brazing 

joints would prove not to be tight, one of said fluids 
will flow through or past the leaking brazing joint out 
into the leakage area 39. From there, the fluid will 
flow furtheron between the plates 29, 30 and/ or between 
the plates 31, 32 in spaces 40, 41 formed between these 
plates. The fluid will flow furtheron in one or both of 
the spaces 40, 41 to the surrounding of the plate heat 
exchanger across the edges of the plates. 


30 


25 


30 
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leakage space 42 is f n ™^ annular 
5 u formed, extending around the 

5 through-openings 43-46 in the four P i ates 47 ^ . , 

xn the heat transfer elements. deluded 

Figures 7 and 8 show embodiments of the invent 

8 with the adaition Qf * ' ^ Jhe figures 7 and 

"vely, for details corresponding reSPeC " 
aifferent figures. » to each other in the 

two plates 29a, 31a and 29b 31* instead, the 

- fa «h Mt jr:::^:^ 

together directly with each crazed 
33-. 3<a ana 33^ 3 <b res^™ ^ 

The embodiment according to fioure a 

=ne in figure 7 i„ It"'?**™ ^ 

Provided W lth amula r ^ LTL ^ 

«vel y . opposite to the leakage spaced Th T 

of these depressions is that th. f ! Purpose 

be able to receive some u2H r ^ " P — 39b Sh °" 

this causing blockage J^J^LT^^T 

leakage space 39b and the spaces 40b 41 k T 

Plates 29b. 30b and the plates 31b 32b 

As can be seen, the pistes 30b. ^ T^IT^ 

openings 35b. 36b have edge portions e«tendi"g a 

distance into the leakage area 39b. 


WO 96/41995 


PCT/SE96/00745 


14 


Figure 9 shows a further development of the embodiment 
according to figure 8. Thus, the plates 29b and 31b have 
been provided with protuberances 53 on their sides 
turned away from each other. The protuberances 53, which 
5 are several in each plate, are situated between the 
leakage area 39b and the openings 33b, 34b and are 
distributed with mutual interspaces around the openings 
33b, 34b. Protuberances 53 formed on adjacent heat 
transfer elements and facing each other are brazed 
10 together. 

Figure 10 shows another furt her . development of the 
embodiment according to figure 8. As can be seen the 
annular depression 52a in the plate 31b has been made 

15 deeper than the depression 51a in the plate 29b, so that 
even more liquid brazing material could be collected in 
the leakage area 39b without risk for blocking of its 
connection with the spaces between the plates 29b, 30b 
and 31b, 32b, respectively. As illustrated at 54 the 

20 foil of brazing material has further been formed in a 

way such that the risk for an access of brazing material 
should be collected in the leakage area 39b has been 
reduced . 

25 Figure 11 shows a section through part of a brazed plate 
heat exchanger comprising double-walled heat transfer 
elements of the kind shown in figure 10 . 

The heat transfer elements are arranged between two end 
30 plates 55 and 56. The end plate 55 has an inlet pipe 57 
for a first fluid and an outlet pipe 58 for a second 
fluid. These pipes are connected aligned with the res- 
pective through-openings of the heat transfer elements, 
which openings form an inlet channel and an outlet 
35 channel, respectively, through the plate heat exchanger. 
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A reinforcing member 59 which is brazed tofliB . . 

r 6 „ d Plate 56 and with the :x:;zx with 

extends through the inlet channel for said* 
^similar forcing member 60 J^J^^T' 
5 outlet channel for said second fluid and ( . „ 

together with the end plate 56 and 1 ^ 

- rei „ for c ing nenbers p 5 rj d s rarTnriTto'r se - 

together the package of heat transfer elects s 
each one of the heat transfer elem.^ ^^^^ Sln=e 
> PXates which are Joined J^TlZrTZ'T ^° 

channels and outlet channels through the plate he« 
-changer^ The various heat transfer electa! however 
are brazed together - in nowever, 

- at a lot «/ i ad ^*ion to around their edges 
at a lot of places across theix corrugated heat 
transfer portions. 
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1. Plate heat: exchanger for heat transfer between a 
first fluid and second fluid, in which 

5 

plate formed heat transfer elements (1, 2) are 
permanently joined together to a plate package and 
delimit between themselves in alternating inter- 
spaces first flow passages for said first fluid and 
10 second flow passages for said second fluid, 

each heat transfer element (1, 2) comprises two 
plates (12, 13) abutting against each other and 
having through- openings (8a-lla) aligned with each 
15 other, and 

said through openings in the plates of the heat 
transfer elements form a first inlet channel and a 
first outlet channel through the plate package, 

20 which channels communicate with said first flow 

passages and is closed from connection with said 
second flow passages, and a second inlet channel and 
a second outlet channel through the plate package, 
which channels communicate with said second flow 

25 passages and are closed from connection with said 

first flow passages, 

characterized in 

30 - that adjacent heat transfer elements (1, 2) are 

j oined together in each of said interspaces ( 6 ) by 
means of three different and spaced joints, a first 
joint of which surrounds an area covering the flow 
passage that is delimited in the interspace ( 6 ) as 

35 well as the inlet channel (8) and the outlet channel 
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(9) -through the plate package, which channels 
communicate with the flow passage, whereas a second 
one and a third one of said joints surround the one 

(10) of said inlet channels and the one (11) of said 
5 outlet channels, respectively, which constitute by- 
pass channels and are closed from communication with 
the flow passage in the interspace ( 6 ) , and 

that leakage areas (16-19) in said interspace (6), 
10 which are situated between said first joint and the 

respective one of said second and third joints, 
communicate with the surrounding of the plate heat 
exchanger • 

15 2. Plate heat exchanger according to claim 1, in which, 
said two adjacent heat transfer elements (1, 2) have 
plane surfaces (25-27) in said interspace, which are 
facing each other and delimit between themselves said 
leakage areas as well as at least parts of said three 

20 joints, the joints being constituted by brazing joints 
or gluing joints and being formed by a connection or 
bonding material, and the leakage areas being free of 
bonding material. 

25 3. Plate heat exchanger according to claim 1 or 2, in 
which the leakage areas surround the respective ones of 
said by-pass channels. 

4. Plate heat exchanger according to any one of claims 
30 1-3, in which each one of said leakage areas communi- 
cates with the surrounding of the plate heat exchanger 
through a space between the plates in at least one of 
said adjacent heat transfer elements. 
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Plate heat exchanger according to claim 4, in which 
each one of said leakage areas communicates with said 
space through a hole (28) in the one of the plates in a 
heat transfer element, which delimit the leakage area in 
question . 

6. Plate heat exchanger according to any one of the 
claims 1-5, in which 

- each one of the plates (30, 32; 30a, 32a) of the 
adjacent heat transfer elements, which plates are 
situated closest to each other and delimit the flow 
passage in said interspace, has those (35, 36; 35a, 
36a) of its through-openings, which are closed from 
communication with the flow passage, larger than the 
aligned openings (33, 34; 33a, 34a) of the other 
plates (29, 31; 29a, 31a) in the heat transfer 
elements, which are situated farthest from each 
other, 

- said plates (29, 31; 29a, 31a) situated farthest 
from each other are permanently joined together - 
directly or indirectly - in a connection area around 
each one of said by-pass channels, and 

- one of said leakage areas (39; 39a) surrounds said 
connection area and is delimited by said plates (29, 
31; 29a, 31a) situated farthest from each other. 


30 7 


Plate heat exchanger according to claim 6, in which 
at least one of said plates (29b, 31b) situated farthest 
from each other in the adjacent heat transfer elements 
has a groove, which is open towards said leakage area 
(39b) and extends around said by-pass channel. 
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8- Plate heat exchanger according to any one of the 
claims 1-3, in which said adjacent heat transfer 
elements, delimiting said interspace, have surrounding 
edge portions, which are permanently joined together 
except in limited areas (18, 19), which communicate with 
saxd leakage areas (16, 17). 
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